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Introduction
Eventration of the diaphragm (ED) is defined as the abnor-
mal elevation of the diaphragm. It may originate from
a congenital defect or may be acquired. Congenital eventra-
tion is a developmental abnormality characterized by muscu-
lar aplasia of the diaphragm. Acquired eventration is caused by
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injury to the phrenic nerve with resultant paralysis and eleva-
tion of the entire diaphragm.1–3 The paralysis may be second-
ary to birth trauma or to an injury sustained during intratho-
racic surgery. Although asymptomatic ED may be amenable to
conservative treatment, symptomatic ED in children, either
congenital or acquired, may require surgical treatment.4–8
However, little has been published regarding the functional
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OBJECTIVE: Eventration of the diaphragm (ED) is defined as the abnormal elevation of the diaphragm.
Although asymptomatic ED may be amenable to conservative treatment, symptomatic ED in children, either
congenital or acquired, may require surgical treatment. This study evaluated the results of diaphragmatic
plication in children with unilateral ED.
METHODS: Fifteen patients who had undergone diaphragmatic plication for ED between 1997 and 2003 were
evaluated retrospectively. The diagnosis of ED was established by routine chest radiographs and fluoroscopy.
Patients who failed to respond to nonoperative treatment were referred for surgery. Nine patients underwent
diaphragmatic fluoroscopy 1–5 years following plication to assess function.
RESULTS: Indications for diaphragmatic plication were respiratory symptoms such as tachypnoea, dyspnoea,
recurrent pneumonia and failure to thrive. In 14 patients, the position of the diaphragm was normal after
plication, but the diaphragm was elevated without symptoms in one patient during postoperative follow-up. The
motion of the diaphragm was investigated in nine patients. Fluoroscopic studies showed that the operated
hemidiaphragm was immobile and there was no paradoxical motion. No return of symptoms was found during
follow-up.
CONCLUSION: ED is the abnormal elevation of the diaphragm as a result of paralysis or aplasia of the
muscular fibres. The abnormally elevated diaphragm may compress the ipsilateral lung, and with respiratory
effort the mediastinum may shift towards the normal side. Therefore, diaphragmatic plication is performed
to restore normal pulmonary parenchymal volume by replacing the diaphragm in its normal location. After
plication, there was immediate remission of symptoms in most patients and decreasing symptoms were
observed for a year in others. During follow-up, the location of the diaphragm was normal and no paradoxical
movement was observed. Relapse of symptoms was not noted in patients with immobile diaphragms. [Asian J Surg
2006;29(1):8–10]
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results of diaphragmatic plication. The purpose of this study
was to evaluate the functional and clinical outcomes of dia-
phragmatic plication.
Patients and methods
During the 8-year period from 1997 to 2003, 34 infants and
children with ED were managed at the Social Security Institu-
tion Ankara Children’s Hospital, Turkey. Asymptomatic pa-
tients with ED diagnosed incidentally were followed up. The
diagnosis of ED was established in all cases by routine chest
radiographs and fluoroscopy.
Initial treatment of infants with ED included upright
positioning, supplemental oxygen therapy, treatment of pneu-
monia if present, and nutritional support in symptomatic
patients. Fourteen asymptomatic patients had no complica-
tions during follow-up and five recovered with conservative
treatment.
Patients who failed to respond to nonoperative treatment
were referred for surgery. The indications for surgical inter-
vention included respiratory distress requiring continued
ventilatory support, recurrent pulmonary infections and fail-
ure to thrive.1,2,6–9 Plication is indicated in patients with birth
injury who cannot be weaned following 2–3 weeks of positive
pressure ventilation.7,8
Results
Fifteen patients (11 male, 4 female) ranging in age from 1
month to 2 years (mean, 8.4 months) were treated using
diaphragmatic plication. Eleven had a right eventration and
four had a left eventration. There was a slightly higher inci-
dence in males and the right side was more frequently affected.
ED was congenital in 13 cases, and was caused by traumatic
paralysis of the phrenic nerve in two. No patients required
mechanical ventilatory support. Nine of 15 patients under-
went diaphragmatic fluoroscopy 1–5 years following plication
to assess function; six patients did not appear for long-term
follow-up.
Of the 15 patients, seven had laparotomy incisions, while
eight with right-side ED had thoracotomy incisions. Immedi-
ate relief of symptoms was noted in 10 patients following
surgery. Tachypnoea and recurrent pneumonia persisted in
five patients 1 year after surgery. During follow-up, the posi-
tion of the diaphragm was within normal limits in 14 patients.
In one patient, the elevation of the diaphragm persisted after
surgery without any symptoms. Throughout follow-up,
fluoroscopic studies in nine patients showed the operated
diaphragmatic side to be immobile with no paradoxical motion.
In these patients, there was no return of symptoms during
follow-up. Overall, growth catch-up after surgery was approxi-
mately 10% in 6 months.
Discussion
ED is caused by phrenic nerve injury or congenital muscular
deficiency of the diaphragm.1,6,8,9 It should be considered in all
patients with respiratory distress during the neonatal period.
If a child’s X-ray suggests a paralysed diaphragm, immediate
fluoroscopy must be used to confirm paradoxical movement
of the hemidiaphragm.2–5 Pulmonary consolidation and re-
peated upper respiratory tract infections are the most com-
mon findings associated with symptomatic ED in older age
groups.
The surgical treatment of symptomatic ED is simple pli-
cation of the diaphragm. Plication improves respiratory
mechanics by increasing both tidal volume and maximal
breathing capacity by immobilization of the plicated dia-
phragm to reduce its paradoxical movement and the associ-
ated contralateral shift of the mediastinum.2,7–9 Recently,
diaphragmatic plication via thoracoscopy or laparoscopy
has become an acceptable alternative to this standard opera-
tive technique.10,11
After the plication procedure, immediate remission of
symptoms was noted in most patients and decreased symp-
toms were observed over a year in the others. It is reported that
acceptable motions of the diaphragm are observed in patients
after diaphragmatic plication on long-term follow-up.4,8 On
fluoroscopic study in this series, the location of the diaphragm
was normal and no paradoxical movement was observed.
Although the diaphragm was immobile in all of our patients,
return of symptoms was not encountered during follow-up.
Diaphragmatic plication was satisfactorily used in pa-
tients in whom conservative treatment failed. The operative
procedure was safe, simple and suitable for ED. Diaphragmatic
plication improves symptoms dramatically. During follow-
up, the location of the diaphragm was normal and no para-
doxical movement was observed. Although the diaphragm
was immobile, no relapse of symptoms was noted.
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